Abstract. The waste-modified mortars have an important place in the range of repair products. The objective of this study is to better understand and analyze, in one hand, the influence of ceramic waste in the dune sand mortars on the quality of repair concrete surfaces, in the other hand, durability of the mortars in interaction with the substrates to which they are applied. As regards the mortar layer durability, two indicators are chosen: the first is the adhesion to the substrate, and the second is the stress state in the mortar layer. For this, two types of modified mortars were made using two types of waste ceramics: sanitary ceramics and earthenware. To evaluate the quality of the adhesion to a substrate surface to be repaired, an adhesion test based on the three point bending test was implemented, taking into account the influences of the environment, the state of the surface of the substrate, the nature of the substrate defined by its water saturation degree and its porosity. The mortar composition parameters, in particular, the nature and the amount of ceramic, were studied. The results enable us to evaluate the influences of the waste ceramic incorporation in the mortar and the substrate condition on which the mortar is applied. Show that the adhesion depends on both the type and the amount of the used ceramic waste and the applied cure. It is optimized from 30% of ceramic earthenware and sanitary mortar adhesive strengths are higher than mortars based on dune sand ones.
Introduction
The majority of concrete structures are exposed to aggressive environments that contribute to increase the rate of concrete deterioration. Often, rehabilitation is necessary to extend the service life of these structures. In most cases, the structure is repaired by replacing the damaged concrete surface with a new layer of mortar. The source of deterioration and the mechanism of its development, corrosion of embedded reinforcement are recognised as the major problem affecting the durability of concrete structures.
The cost associated with these repairs represents great economic challenges for building owners who have to find solutions and optimized repair methods. These lead us to think about a new mortar to repair these damaged structures. The developed mortar in this study was based on dune sand with very high availability especially in southern Algeria because of the very low cost and the ceramic waste. The literature review concluded that, in general, the incorporation of ceramic waste significantly improves the material characteristics (durability, mechanical strength, modulus elasticity,..) (Farinha, de Brito, & Veiga, 2015; Medina, Frías, Sánchez, & de Rojas, 2012a; Pincha & Arnon, 2010; Alves, Vieira, de Brito, & Correia, 2014; Abadou, Mitiche-Kettab, & Ghrieb, 2016) .
Many authors (Bijen & Salet, 1994; Fiebrich, 1994 ) studied the causes of non-adherence of a repairing mortar or bonding layer on a concrete substrate. They pointed out the interest of using polymeric binders in order to modify cement mortars and to promote and/or increase adherence. The polymer-modified mortars have an important place in the range of repair products. The research concluded that the adhesion depends on both the type and the amount of polymer used in addition to the mortar and the cure applied. It is optimized from 10% of polymer and EVA mortar adhesive strengths are higher than SA mortars ones (Tchetgnia, Marceau, & Chaussadent, 2013 ).
An adequate choice of repair mortars is critical for the success of a restoration intervention. The mortar solution to be applied should be compatible with the ancient materials and durable (Silva, Ferreira Pinto, & Gomes, 2015) . The performance and durability of a repair mortar and its compatibility with the old materials is strongly influenced by its pore structure. Ceramic waste-based dune sand mortars have been increasingly used for this purpose in order to achieve the required compatibility with the repair modified mortar materials; they have an important place in the range of repair products. For this reason, several articles have been published on the virtues of using wastebased mortars for restoration.
The research on ceramic wastes as partial substitute for fine aggregates or cement has not been overly exploited as the other areas.
Recent studies carried out in the field of repair mortars have encouraged the use of dune sand mortars based on ceramic waste for restoration purposes or rehabilitation structure. Research on recycled ceramic waste conducted with focus on investigating whether ceramic wall tile wastes used as partial substitute for cement and fine aggregates could prove to be beneficial since the two materials are the most high-priced during concrete production (Zimbili, Salim, & Ndambuki, 2014; Gomes & de Brito, 2009; López, Llamas, Juan, Morán, & Guerra, 2007) . Silva, de Brito, and Veiga (2010) investigated on the red-clay ceramic waste construction in mortar production and concluded that replacement ratios of up to 20-50% improved the adhesive strength relative when compared with a reference mortar. The incorporation of red-brick powder in mortar generally improved its performance when compared with a reference mortar (Silva et al., 2010; Silva, de Brito, & Veiga, 2009 ). Medina, Sánchez de Rojas, and Frías (2012b) conducted research on the mechanical behaviour of concretes using ceramic waste. In their research, they incorporated ceramic wastes of sanitary. They discovered that recycled ceramic aggregates showed a more irregular shape than NA, which provides a higher bond between recycled ceramic aggregates and the cement paste.
Reference Farinha et al. (2015) researched and confirmed the possibility of usage of fine sanitary ceramic waste in partial substitution of 10%, 15% and 20% in the production of mortar. Furthermore, they obtained positive results of the modified mortar with 20% addition of GSWF; it was the one with the best performance of all the modified mortars, with increase in adhesion strength.
To evaluate the performance of the mortars with sanitary ware waste, a wide experimental campaign was developed. Four replacement ratios were tested (0%, 20%, 50% and 100%) of sand by aggregates from crushing sanitary ware waste. Study results (Lucas, de Brito, Veiga, & Farinha, 2016) have shown, that strength of concrete containing from 50% of aggregate of ceramic sanitary ware waste was higher by 6-17% than that of mortar without this admixture. The adherence to the substrate was evaluated at 28 days (before ageing) and after ageing. The adhesion strength at both ages was higher for mortar SWM50 by 6% and 17%, respectively before and after ageing. The adhesion strength improved after accelerated ageing tests, in the mortar with 50% replacement of sand by sanitary ware waste.
According to Matias, Faria, and Torres (2014) several test and seven ceramic waste products collected were analysed in their study in order to produce mortars intended to repair and replace the old ones. They have studied the performance of air lime mortar made with ceramic waste and attempted to improve the different properties by using ceramic waste. It was found that the waste could improve not only mechanical strength but also effect pozzolanic.
Jiménez, Ayuso, López, Fernández, and de Brito (2013) used fine recycled aggregate from ceramic partition wall rubble waste in mortar production. They concluded that replacement ratios of up to 40% improved that replacement ratios of up to 40% by volume did not significantly affect the properties of fresh and hardened mortar, with the exception of density and workability. The adhesive strength of hardened mortar was not affected by the replacement ratio. One of the critical improving the durability of concrete repairs and overlays is lasting and sufficient interfacial bond between repair material and existing concrete substrate.
Adhesion is defined as adherence of two materials in contact or in more colloquial way of being stuck together. It is not surprising that adhesion is the fundamental issue in construction engineering. The adhesion strength of concrete repair mortar is one of the most important technical characteristics of the repair materials (Czarnecki, 2008; Guangiing, Jinwei, & Gengying, 2002) . Adhesion is the set of physico-chemical phenomena that are responsible for the formation and cohesion of the interfaces between two bodies (Darque-Ceretti & Felder, 2003) .
In the field of mortars applied on a substrate, adhesion is linked to several factors: -Adhesiveness which is the ability to create forces of interactions between the substrate and the mortar, -The surface condition and nature of the substrate (porosity, roughness, absorptivity, cleanliness), -The ability of the mortar to create contact with the substrate to which it is applied. Adhesion of a concrete repair to an existing substrate is a complex phenomenon that involves different types of bond: chemical bond (chemical reaction between the substrate and the repair material), mechanical bond (associated with the interpenetration of the repair material into the roughness and porosity of the substrate, resulting in mechanical anchorage) and physical bond (related to the van der Waals and surface tension forces) (Courard, 2000) . The term "adhesion" describes the condition in the boundary layer between two connecting materials with a common interface. Adhesion mechanisms can be divided basically into mechanical interaction, thermodynamic mechanisms, and chemical bonding, Adhesion and cohesion are two interconnected parts of the process of forming the contact zone. However, the most important component of bond strength for concrete repair is the adhesion.
The waste-modified mortars have an important place in the range of repair products. This study concerns the reuse and the valorization of ceramic waste materials. The main objective consists in the use of aggregates issued from the dune sand mortar for making a new manufactured one, and the studies the influence of the presence of ceramic waste in these dune sand mortars on the quality of repair concrete surfaces, including their adhesion properties. Two types of modified mortars were made using two ceramic waste white and red.
The experimental work presented in this paper is part of the overall development program of local materials conducted by the structure rehabilitation and materials laboratory:
it is based on the following elements: -the Effect of the ceramic waste incorporation on physical and mechanical characteristics of dune sand mortar. -the Evaluation of adhesion characteristics of the repair mortar substrate.
Experimental method

Materials
The materials used in the experimental programme were: cement, dune sand, grinded sanitary and earthenware "floor and wall tile" ware waste. The cement used is a Portland cement CEM II/A 42.5, (conforming to EN 197-1:2000) . The sand used is dune sand (southern Algeria), the granulometric range is between 0.08 and 0.5 mm and 1.10 fineness modulus. The recycled ceramic aggregate employed came from a ceramic sanitary and earthenware ware factory. This ceramic waste was subjected to a crushing process using a jaw crusher, the granulometric range is between 0.08 and 2.0 mm and 2.120, 1.967 fineness modulus respectively. The measured density of ceramic sanitary and earthenware "floor and wall tile" (2.23; 1.23) was found to be similar to the one of ceramic sanitary additives used in concrete by Medina et al. (2012b) and Halicka, Ogrodnik, and Zegardło (2013) . According to the XRD analysis shown in Figure 1 , the principal crystalline components found in the ceramic waste were quartz (Q) and illite (I).
In the present research, seven mixtures were produced to evaluate the influence of waste sanitary and earthenware ceramic on mortar properties. 
Methodology
Bond strength evaluation
In different test series conducted to evaluate the effect of selected parameter upon repair bond, repaired test concrete were characterized exhaustively for bond strength using pull-off test, in some cases torsional bond test. Another method of measuring the adhesion is used regularly splitting; the test is intended for the analysis of concrete, the used pieces are size 16×32 cm. A third technique that is frequently used is shear measurement, the difficulty lies in the manufacture of substrates to obtain the desired inclination angle. To overcome all these drawbacks, we chose to use a flexure three-point test to qualify and quantify the adhesion. Adhesion between the repair material and the concrete substrate is a very important technical property towards structural and non-structural repair as well. Proper level of adhesion assures utmost load capacity of the repaired system. The adhesion test flexure 3 points, as described in EN 1015-12, permits to determine the bond strength between mortar and substrate. The major reasons that guide this choice are: the first is to facilitate the use of these techniques with mastered apparatus, the second is the possibility to exploit the results in parallel with the intrinsic properties of the substrate (mortar M D ).
The studied parameters
Several factors are involved in the bonding of the two materials (Courard, 1998) . Our work has focused on three factors which are described below:
1. The influence of the ceramics waste types used in the modified mortars: To know the effect of this component on the mortars adhesion. 2. The State of substrate surface: to study the impact of the roughness and wetting the substrates surface on adhesion. The tests were carried out with two types of surface roughness of the repaired mortar.
-Dry and rough surface (DR): The half-specimen with rough surface shown in Figure 2a was obtained by fracturing the specimens 4×4×16 cm 3 by three-point bending -Dry and rough surface oblique (DRO): The halfspecimen with rough surface was obtained by fracturing the specimens 4×4×16 cm 3 by threepoint bending, this surface is considered as treated surface (Figure 2b ). There are several methods to prepare the surface, and it is quite important to choose the best way since it has a decisive influence on bond in the interface (The surface is prepared with pneumatic chipping hammers). The overall geometry of the surface should be simple with no re-entrant corners. -Rough surface and saturated with water (SR): The half-specimen surface saturated with water shown in Figure 2c was obtained by fracturing the specimens (4×4×16) cm 3 by three-point bending and the immersion of the half-specimen during the 24 hours preceding the manufacture of bi-component specimen. -Rough and oblique surface saturated with water (SRO): The half-specimen surface saturated with water shown in Figure 2d , was obtained by fracturing the specimens (4x4x16) cm 3 by three-point bending and the immersion of the half-specimen during the 24 h preceding the manufacture of bi-component specimen. The geometric surface area and the contact surface area, were prepared with pneumatic chipping hammers to obtain oblique surface. 3. Environment substrate / repair system: Samples after 24 h were removed from the mold sand stored for one month before the test in the three curing conditions (immersion in water, in the open air and hot environment (storage in an oven under temperature 50 °C).
Preparation of specimens
Specimens used for adhesion tests are called bi-component. Their dimensions are the same as those used for mechanical testing (4×4×16) cm 3 but they are composed of two different parts to simulate a repair system: -A substrate part that represents the part of the system to be repaired. It is a half test piece (4×4×16) cm 3 obtained by fracture flexion of the initial specimen made with the mortar M d (reference mortar or dune sand mortar), according to the surface state sought; a substrate part which is the part of the system for repair. It must have been manufactured at least 28 days before use and not have been treated during this period. It is thus stored in the laboratory environment before use. - Figure 3 shows the other half specimens are the part repair product made with mortar to study. It is poured directly into the mold (4×4×16) cm 3 after the substrate part has been positioned there. The mortar pouring the steps are the same as those used for the manufacture of test specimens summarizes the steps for manufacturing the bi-component specimens. 
Results and discussion
Properties of hardened mortars
The mechanical properties of the mortars were tested in laboratory; flexural and compressive strength test results recorded for the different tested mortars are summarized in Table 2 depending on the type of the applied curing. Incorporation of ceramic waste aggregates led to a systematic improvement of the mechanical properties; the benefits increased with the addition rate. At 28 d, the use of ceramic aggregates resulted an increase in flexural strength (up to 37%) and compressive strength (up to 150%) (Abadou et al., 2016) . Many researchers have been conducted worldwide on the usage of ceramic wastes as an additive in structural and non-structural concrete. The improvement of physicomechanical properties and workability of mortars by adding various red and white waste of ceramic were also studied in detail. Positive results were obtained from these studies. Therefore in terms of mechanical performance, there were considerable improvements, highlighting the potential of using the sanitary ware as aggregates.
Influence of ceramic waste and surface state of water saturation in different storage conditions on adhesion
After 28 d, the adhesion stresses were measured, the results are shown in Figure 4 :
The exposition of modified mortar on a high temperature has a negative impact on the mortar adherence. Moreover, the failure is purely adhesive (A) because a part of water is evaporated under these conditions, the fact that limits the cement hydrate. The water immersion augments the modified mortar adherence. This result is predicted as well because water is available for all cement hydrate. Furthermore, the cohesive failure can be found in the substrate or in the preparation of the mortars. However, the flexion resistance of mortar referencing M D is not always reached.
In addition to that, the high temperature reduces the adherence when the water immersion increases. This result is confirmed through the fact that the majority of failures are, in one hand, cohesive in the substrate or on the mortar preparation with water immersion, in the other hand, adhesive when the samples are in the curing environment and under 50 °C. In Figure 4 and Figure 5 we can observe that water saturation in prepared substrate cause a hard reduction of mortars adherence whatever the waste is earthenware ceramic or sanitary one; moreover, the adherence on surface with water saturation does not depend practically on the ceramic wastes quantity. We note, in addition, that adherence progresses differently from the dry rough surface to the rough surface with saturation water; on dry surface, adherence reaches its maximum (50%) with ceramic wastes; whereas, it is weak on surface with water saturation.
In short, this study concluded that modified mortars with incorporation of ceramic waste materials show that adhesion strength is higher in the modified mortar with incorporation up to 10% ceramic waste, than in the reference dune sand mortar. This is probably because the fine ceramic waste mixed with the mixing water penetrated the capillary pores of the substrate and formed a stronger interface. Then, the cement hydration will decrease the voids of the mortar making it more compact and thus more resistant (Farinha et al., 2015) .
The adhesion strength was higher for mortar with replacement ratios up to 50% by 6% and 17%, respectively before and after ageing. This increase is probably due to a delayed hydration of cement occurred during the humidity-ice cycles (Lucas et al., 2016) .
Fernandez et al. (Ledesma, Jimenez, Ayuso, Fernandez, & de Brito, 2015) stated that No statistically significant difference was observed for replacement ratios below 75%, due to the dispersion of results in the pull off test. Although, the mean values for adhesive strength linearly decreased as the amount of RMA increased. Whereas Jiménez et al. (2013) , found no statistically significant differences for replacement ratios up to 40%. Comparing the results of our study with those of Moriconi (2009), Corinaldesi, Giuggiolini, and Moriconi (2002) , they all found higher mortar-brick bond strength than the reference mortar. The results mention that water presents two opposite influences on the adherence as Julio, Branco, and Silva (2004) sees:
Surface water of the substrate augments the rapport (relationship) E/C on the mortar interface. The mortar display of the preparation becomes too easy, the fact that aids the contact with the surface of the substrate. When the water remains on the mortar interface/substrate, the contact between the two materials is limited and the local porosity can be increased.
Influence of the roughness and failure mode on the mortar adhesion
The influence of roughness surface of the substrate was also studied by pouring mortar modified with 10%, 30% and 50% CS, CE over a rough surface and an oblique rough surface. The tests were carried out on specimens having undergone an ambient curing in 28 d.
We can observe in Figure 6 that the adhesion is higher when the mortar is cast onto a rough oblique surface then the rough surface. This is due to the fact that, for the same section serving, the contact surface between the two materials is more important on a rough sample than on the non-rough (Courard, 1998) . Increasing surface roughness augments the contact surface (Julio et al., 2004; Momayez, Ehsani, Ramezaniapour, & Rajaie, 2005) which promote adhesion.
In the modified mortars, there is an increase in adhesion over incorporation ratio, which approaches the flexural strength of the reference mortar. This progression shown in Figure7 (a, b) is also visible at the failure mode changes from a cohesive in the substrate and adhesive in the mortar where 10% ratio substitutions of ceramic waste and rough surface, changes strictly to a cohesive failures at the mortar with 30% and 50% substitution ratio and rough oblique surface. Noting that the adhesion mortar with ceramic sanitary waste M S% is higher than the mortar with ceramic earthenware waste M E% and the last one is higher than the reference dune sand mortar.
The results of these tests were also statistically analyzed with JMP 10.0 software, with a statistical function bivariate ANOVA.
A one-way ANOVA was carried out to determinate whether the mortar type factor in roughness surface had a statistically significant effect on adhesive strength. The p-value of the F-test was less than 0.05 (p-value = 0.0131), 
there was statistically significant difference between the mean of the adhesive strength of hardened mortar from one level of replacement to another at the 95.0% confidence level. A multiple range test was carried out to identify the significant differences between the mean values. The results are presented in Table 3 (two homogeneous groups with significant differences in the mean values of the adhesive strength). Figure 8 shows the range of means of the adhesive strength due to adhesion test flexure three points action with roughness surface for the all mortar types. The LSD range for mortar types without significant differences between means values overlapped.
Conclusions
In conclusion, the results demonstrated the advantages of incorporating ceramic waste sanitary and earthenware in dune sand mortars. In terms of mechanical performance, there were considerable improvements, highlighting the potential of use of the ceramic waste as aggregates. The analysis of the values of all the properties tested for the mortar with a 10%, 30% and 50% replacement of dune sand, shows that the incorporation of white ceramic sanitary waste recycled in dune sand mortars causes a general improvement of its performance as compared with the one of a conventional mortar. Based on this experimental investigation, it is feasible to use SC and CE as a dune sand replacement ratio material to produce mortar with acceptable performance. The following conclusions can be drawn:
1. The compressive strength shows that the use of 30% and 50% of ceramic waste increases the compressive Adhesive Strength (MPa) SRO strength and flexural strength by about 150%, 37% respectively. 2. The adhesive strength increases with the incorporation of ceramic waste, this is another property that is clearly improved in the present study. The incorporation of 30% and 50% of ceramic waste sanitary and earthenware instead of dune sand improved the adhesive strength around 55%, 48% respectively as compared with the reference mortar. 3. The adhesive strength of hardened mortar was affected by the replacement ratio. In the substrate adhesive strength tests the modified mortar behaved better than the reference mortar: -By inclusion of ceramic waste into dune sand mortar, proper effective utilization of ceramic waste can be achieved to avail the quality of dune sand for the future generation. -A clean, rough and dry surface before repair permits to ameliorate the adherence between the support and the modified mortar repair. The adherence strength at dry surface in different curing environment was higher for mortar M S50% , M E50% above 30% and 20%, respectively before and after ageing. 4. When the water remains on the mortar interface/ substrate the contact between the two materials are limited and the local porosity can be increased. 5. Roughness augmentation of a surface leads to surface contact augmentation. The roughness of the surface, affecting the wet ability of the support through the contact angle and the specific surface. 6. The highest bond strength and cohesive failure in the substrate or repair mortar are obtained mainly in the water emersion, dry rough surface and 50% substitution ratio. 7. Statistical analysis determined better behaviour of mortar with ceramic waste in terms of adhesive strength for the roughness surface. 8. The highest bond strength and cohesive failure in the substrate or repair mortar are obtained mainly in the water immersion, dry rough surface and 50% substitution ratio. The analysis of the values of all the properties tested for the mortar with a ratio replacement of waste, shows that the incorporation of red-white recycled waste in dune sand mortars causes a general improvement of its performance as compared with the one of a conventional mortar, Thus, the choice of using ceramic waste to produce dune sand mortars it also has benefits from an economical, environmental, and technical advantages point of view and offers a possibility for improving the durability of mortars.
